Introduction
============

Pallister-Killian mosaic syndrome (PKS), also termed Pallister-Killian syndrome, Pallister mosaic aneuploidy, tetrasomy 12p mosaicism, isochromosome 12p syndrome, or Teschler-Nicola syndrome is a rare dysmorphic disorder caused by mosaic tetrasomy of the short arm of chromosome 12 (12p). It was first described by Pallister et al,^[@r1]^ and Teschler-Nicola and Killian.^[@r2]^ It is a multisystem disorder characterized by hypotonia in infancy and early childhood, intellectual disability, distinctive facial features, sparse hair (particularly around the temples), pigmentation, and other congenital disabilities. The disorder may be underdiagnosed, especially in those with mild features. More than 200 cases have been reported in the literature.

The presence of isochromosome 12p (made up of two p arms) causes the disorder. In patients with the syndrome, some cells have the two normal copies of chromosome 12, but other cells have the isochromosome 12p. These cells have four copies of all the genes on the p arm of chromosome 12. The extra genetic material of the isochromosome disrupts the normal development and causes the characteristic clinical features of the disorder.^[@r3]-[@r5]^

Case report
===========

We report a case of an Omani female patient who was diagnosed with PKS at the National Genetics Center, Royal Hospital, Muscat, Oman. She was born preterm at 35 weeks gestation to non-consanguineous Omani parents. She was noted antenatally to have skeletal dysplasia and bowel herniation. She was born with multiple congenital anomalies including anterior abdominal wall defect, bowel herniation, and vestibular anus.^[@r6],[@r7]^ She had craniofacial manifestations including a 'coarse' face with a flat profile, high forehead with temporal-frontal balding, sparse eyebrows and lashes, shallow supraorbital ridges, upslanting palpebral fissures, hypertelorism, and upturned nares. Her skeletal deformities were described as distal arthrogryposis of all limbs, talipes equinovalgus, and rhizomelic upper limbs, which were confirmed on plain X-rays.^[@r8]^

She had a full screening for internal structural abnormalities. Her abdominal ultrasound was reported normal with the exception of mild echogenic kidneys. Echocardiography revealed cardiomegaly and abnormal heart configuration, 2.5 mm patent ductus arteriosus, with a left to right shunt and interrupted inferior vena cava. Brain computed tomography showed diffuse posterior brain and temporal lobes white matter edema. The posterior horns of the lateral brain ventricles were disproportionately dilated. A non-contrast magnetic resonance imaging showed late subacute intraparenchymal and intraventricular hemorrhages \[[Figure 1](#f1){ref-type="fig"}\].

![(a) Brain magnetic resonance imaging (MRI, T1-weighted) showing subacute hemorrhage (red arrows) in the temporal areas on both sides and (b) hemosiderin deposition around the hemorrhage (red arrows) seen via gradient SENSE MRI.](OMJ-D-18-00064-f1){#f1}

She had feeding difficulties, and was hypotonic with multiple contractures. This triggered neurology and metabolic investigations, which were mostly negative. Three days after delivery, she was subjected to surgery during which it was observed that gut rotation did not take place and the cecum and appendix were at the midline. The abdominal wall defect was closed, and rectal dilatation was performed.

The clinical features of this patient were severe; she had multiple congenital disabilities not compatible with life. She remained hospitalized for three months and was readmitted with severe aspiration pneumonia at four months of age. She remained hypotonic and was fed by a nasogastric tube and had severe global developmental delays. She died suddenly at the age of six months.

Blood samples in lithium heparin were cultured for 72 hours in RPMI-1640 medium (Gibco-BRL, USA) containing 20% fetal bovine serum (Gibco-BRL, USA) and antibiotics. The trypsin-Giemsa banding technique was used to analyze and categorize the chromosomes of 20 metaphase cells according to the International System for Human Cytogenetic Nomenclature (ISCN 2016).^[@r9]^

Chromosomal analysis of 72-hour peripheral blood lymphocytes cultures revealed a mosaic cell line. An abnormal clone (20% metaphase cells) showed the presence of an anomalous extra isochromosome 12p, the short arm of chromosome 12, indicating tetrasomy 12p. The remaining 80% of metaphase cells showed a normal 46, XX karyotype \[[Figure 2](#f2){ref-type="fig"}\]. Fluorescent in situ hybridization (FISH) was applied to confirm the presence of duplication of chromosome 12p using the LSI TEL/AML1 ES dual color translocation probe (Abbott Laboratories, Il, USA). The presence of i(12) (p10) and tetrasomy 12p was confirmed by the detection of four green signals for 12p in 20% of analyzed cells \[[Figure 3](#f3){ref-type="fig"}\]. The presence of iso(12p) has been expressed in the karyotype as: 47, XX,+i(12)(p10)\[4\]/46,XX\[18\].

![Karyotype image of tetrasomy 12p, obtained from peripheral lymphocytes showing the extra 12p isochromosome, indicated by the red arrow.](OMJ-D-18-00064-f2){#f2}

![(a) Fluorescent in situ hybridization (FISH) technique applied in a normal pattern of chromosomes obtained from peripheral lymphocytes of a blood sample from a normal/healthy child. The dual color translocation probes \[TEL/AML1\] were used to show two green signals (TEL) at chromosome 12p and two orange signals (AML1) at chromosome 21p22 as contrast. (b) FISH technique applied to a pattern of chromosomes obtained from peripheral lymphocytes of a blood sample from our patient with Pallister-Killian syndrome. There were four green signals and two orange signals indicating the presence of 4-arms of chromosome 12p \[green\] and two signals for chromosome 21p22 \[orange\]. FISH technique confirmed the presence of iso(12p) and described in the karyotype as 47, XX,+i(12)(p10)\[4\]/46,XX\[18\].](OMJ-D-18-00064-f3){#f3}

Discussion
==========

PKS is a sporadic, non-inherited cause of intellectual disability with a variable spectrum of congenital anomalies. It is a multisystem disorder characterized by hypotonia in infancy and early childhood, distinctive facial features, sparse hair (particularly around the temples), pigmentation and other multiple congenital disabilities including congenital heart defects, congenital diaphragmatic hernia, intellectual disability, and epilepsy.^[@r10],[@r11]^ The parental origin of genetic errors are mostly maternal.^[@r12]^ The incidence of the syndrome is estimated at five per million live births.^[@r4],[@r13]^ More than 200 cases have been reported in the literature.^[@r14]^ No ethnic group is spared, and PKS has been reported in almost every continent.^[@r15]-[@r18]^ The clinical features are highly variable, ranging from mild to severe. Normally, fetuses with PKS are aborted. However, the combination of mosaicism^[@r19]^ and complete or partial duplication of chromosome 12, leads to diverse phenotypes. The clinical presentations vary from severe fatal congenital anomalies at birth, to mild intellectual disabilities in adults.

Structural brain abnormalities in patients with severe PKS have been described in imaging studies.^[@r8],[@r20],[@r21]^ The main features include cerebral volume loss, malformations of the cortex, dysgenesis of the corpus callosum, and craniofacial malformations. Macrencephaly and cortical dysplasia are the likely explanation for the intellectual disability and epilepsy seen in patients.

Poulton et al,^[@r21]^ reviewed the literature for cases of PKS in which an intracranial scan was performed, and their observation was that 77% (72/93) of cases had a structural brain abnormality. Of these, ventricular abnormalities (46%; 33/72), abnormalities of the corpus callosum (25%; 18/72), and cerebral atrophy (29%; 21/72) were the most frequently reported. In few genetic studies, an attempt has been made to define minimal critical regions on chromosome 12p and their constituent genes associated with PKS.^[@r20],[@r22]^

The clinical diversity and degree of severity of the disorder may lead to missed diagnosis of PKS, especially in those with mild features. Diagnosis can also be missed because of the low level of mosaicism in peripheral lymphocytes. The percentage of lymphocytes with the duplicate chromosome may be so low and it can be missed. Therefore, it is necessary to examine fibroblasts from the skin or buccal mucosa to confirm the diagnosis.^[@r23],[@r24]^ These two issues have some serious implications for both the diagnosis and counseling of patients and families.^[@r8],[@r13]^

The laboratory diagnosis of PKS in this patient depended on detection of the extra numerary 12p using classical peripheral lymphocyte karyotyping. This was quite surprising since mosaicism in PKS is rarely diagnosed in peripheral lymphocytes.^[@r3]^ Most cases of PKS in the literature are diagnosed using amniotic cells or skin fibroblasts. However, the clinical picture in this patient is similar to the severe forms of PKS in the literature. The craniofacial features and skeletal deformities were no different from those described previously. However, this infant was born with some other congenital anomalies of gut rotation including anterior abdominal wall defect, bowel herniation, and vestibular anus described only in the severest forms of PKS.^[@r6],[@r7]^ Echocardiography showed cardiomegaly and abnormal heart configuration, patent ductus arteriosus and interrupted inferior vena cava.

Conclusion
==========

We reported a case of PKS diagnosed in an Omani newborn patient. The clinical features in the reported patient were severe with multiple congenital disabilities. They were confirmed clinically, radiologically and during surgery and were not compatible with life. FISH study confirmed the presence of chromosome 12p duplication with the karyotype 47, XX,+i(12)(p10)\[4\]/46,XX\[18\]. This is the first case reported in the literature from Oman and the Arab world.
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